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Abatract

The effect on the capacities of positive and negative limiting
sintered plate Ni-Cd cells of varying the KOH/KpCO3 ratio of an
electrolyte vhich is approximately TH in total alkalinity is reported.

contents of 2k, 71 end 238 g/1 were investigsted. Inta are also
presented on the specific resistance of vapious KOH-KpCO3 solutions
over the temperature range of 86°F. to -LO"F. There was no marked
difference in performance of either positive or negative capacity
limiting cells with electrolyte conmtaiuing 24 or Ti g/l of .
However, there was an apprecisble adverse effect oo the perfo @
of cells vhen the carbonate content was 236 g/l C03, particularly
for the negative capacity limiting cells. From the Tesulis of the
capacity and specific resistance measurements, it is recamended
that the maximm alliowvable carbonate comtent for the electrolyte in
sintered plate Mi-Cd cells be set at 100 g/l K,CO;.
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THE EFFECT OF CARBONATED ELECTROLYTE OX THE
PERFORMANCE OF SINTERED FLATE NICKEL-CADMIUM CELLS

INTRODUCTION

Sintered plate nickel-cadmium cells and batieries have been devel-
oped for use with military equipments primarily becausd of their sxcel.
lent high rate and low temperature perfomance. However, it is known
that the high rate and low temperature performance is adversely affected
as the carbonate content of the initial 31% XOH electrolyte increases.
This increase during use of the battery iz due mainiy to three factors:
(1) Absorption of COp frum the air (2) Presence of residual carbonate in
the positive and negative plates due to insufficlent washing during their
preparation, and {3} Gradual oxidatics of organic sevarstor materials to
carbonste. Opinions differ as to how high the carbonste content of the
electrolyte may go before it should be changed. Vinal™ states that scme
users place the limit at 30 grams KpCO3/liter, whereas others psarmit as
high as 90 grams XgCOo/liter. Casey 2,3 found that the negative sinter-
ed plate was more advgrsely affected than the positive plate by carbonate
contamination of the electrolyte and that the negative plates showed a
minimum in performance at 20-30 egquivalent § of carbopate at O and -WO°F
with & gradual rise to a maximum at about 60 equivalent % followed by a
sharp dropoff above this concentration, In order to establish a maximum
allowable 1imit for zmilitary sintered plate Wi-(Cd cells, an investigation
was initisted to study the effect of increases in the carbonate content
of the electirolyte on the capacity of these celle and on the specific re-

sistance of the electrvlyte.

EXPERTMENTAL PROCEDURE
Cell Performance Characteristics

Each test cell consisted of three sintered plates which were assem-
bled in Bakelite C~11 containers and mechanically separated by grooved
supports. Both positive capacity limiting and negative capacity limiting
cells were used in order to determine the effect of the various carbone-
ated electrolytes on each plate separately. The positive limiting cells
contained two negative plates and one positive plate and the negative
limiting cells contained two positive plates and one negative plate. All
plates were 3=5/16" high x 2-7/8" wide with the negative plates having a
thickness of 037" and the positive plates a thickness of Ohk"., A sin-
tered cadmium plate was used as & reference electrode in each cell so
that both positive and negative plate capacities could be determined,

Three electrolytes were used in this phase of the investigation.
They wvere prepared by mixing spproximately TN aqueous solutions of avalil-
able reagent grade KOH and XKoCO4. The first solution, designated as
Electrolyte 1, was a solution o¥f KOH with no deliberate addition of
KoCO3., Electrolytes 2 and 3 had higher carbonate concentrations as a
reeuit of adding KpCO3 to Electrolyte 1. The smounts of KOH and K2003
in the three electrolytes were determined by titration with
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standard Hp80; to phenolphthalein and screened methyl orange and
points and wvere found to be as shown at the bottw < Tables I and
II. It can be seen that Electrolyte 1, which was intended to be
pure XoH, actually had almost 24 g Kp00./1. Most of this carbonate
came from the KOH pellets used to prep the solution and some of
it fyom the distillied water used,

total of twalve test cells were asseminled, two positive capa~
city limiting and two negative capacity limiting for each of the
three electyolyte concentrations. All twelve cellsg were first fillsd
with Electrolyte 1 (381 g/1 KOH + 23.8 g/1 Ka003) to determine their
initial capacities at approximately the Sive houir rate (0.5A) at TO°F,
After thrse of these cycles the slectirolyie was changed in eight of
the cells {0 the other {wo concentrations under investigation and the
rest of the electrical tests were then carried out on all twelve cells.
All discharges were carried out at 0.5 4, except for one discharge at
T«5 A. This rate was chosen to represent & high rate discharge since
USARL specifications require 15 mimites of service to a cutoff voltage
of 1.0 V/ cell vhen Ni-Cd cells are discharged at three times the
rated capacity in amperes., In this case considering the aversge capa~
ecity of the cells to be 2,5 A, H. at the five hour rate thisz would be
3 x 2.5 or 7.5 As ALl charges were conducted at 0.5 A, for eight
hours or & total input of & A.H. {160% of the average capacity of 2.5
A.E.). Charges were also carried out at =40°F, and -65°F because it
had been found in the past that low temperature charging of Ni-Cd
cells sometimes improves their subsequent discharge performance at low
temperatures.,

Resistivity Measurements

Registivity determinations were conducted on five solutions
having a total alkalinity of approximately 7N and varying fram almost
pure KOH to pure KoC0.. The exsct concentrations of the five solu-
tions were again by titration with standard HSOL to the
phenolphthalein and screened methyl orange end points. These concen-
trations are given in Fgure 2. Solutions A and C are the same as
Electrolytes 1 and 3 used in the cell formance studies. The mea-
surements wer~ made at intervals of 1 (10°%.) from 86°F. (30°C.)
down to -M0°F., (<40%C.). In those cases where the solution froze
above =kO°F. the measurements were made to the selected temperature
clogsest to freeziag.

A conductivity bridge, RC16B2, made by Industrial Instruments,
Inc., and a glass fi1ll type conductivity cell with two platinized
electrodes a fixed distance apart were used for the measurements.
T™he ce’l constant K wvas determined using a standard solution of
H,S0j, whose specific conductance L was known.
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K was cbtained from the following formils:

K=151xRy
where _
¥ = Cell constant in cm
1 = Specific conductance of standard HySO) in omm™tem™
By = Measured resistance in ohms

i

The specific resistunce or resistivity of the various solutions was
determined {ram the followlng formula:

R=1Ra
X
vhere
R = Specific resistance in ohm-cm

All lov temperature measurements were made by cooling the solution
below the desired temperature with a dry ice in alechol bath and
then allowing the sclution to warm to the specified temperature.

RESULTS

Cell Performance Characteristics

The results obtained on the elecirical tests of the cells are
shown in Tables I and IT and also in Flgure 1., In Tebles I and II
the results are given for both cells at each test condition in terms
of the actual capacity and in terms of the percentage of the initial
cﬁcity obtained with each cell when it was discharged at 0.5 A. &t
TO°F. in Electrolyte 1. In Figure 1 the average values for the two
cells at each test condition are plotted as the percentage of the
initial capacity.

o i g BB bkl e s, bt + 1o oy RN s ks
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The results show that the negative limiting cells were more ad-
versely affected than the positive limiting cells as the carbonate
content of the electrolyte was increased, With the positive limiting
cells the highest carbonate content electrolyte gave significantly
poorer results than the other electrolytes only at -65°F, In the case .
of the negative limiting cells poorer performance was (btained with 3
the highest carbonate elgctrolyte at the high discharge rate (7.5 A.) é_
at 70°P. and also at =4O F and -6581?. It is significant to note that
in all cells, both positive limiting and negative limiting, there was
nc appreciable difference in performance between cells containing
Electrolyte 1 (24 g/1 ) and those containing Electrolyte 2
(TL g/1 KpCO;)s The o:;ﬁo goticenble affect of the low temperature
charging is that the performance of the positive limiting cells
appears to be lover vhen charged and discharged at -65°F. than when
charged at TOOF. and discharged at -65°F. The reason for this 1s
not known, s effect does not show up with the positive li.nitinsr
ce.u:o 3; -40°F, nor with the negative limiting cells at either -65°F.
or =~ .
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Resistivity Messurements

The results of the resistivity measurementr ave shown in Figure
2, The resistivities are plotted in ohmecms. against temperature in
Op, and %, for the five solutions whose concentraticns are indicated
in the figure, It can be seen that at any temperature the resistivity
of <ne sclutions ircreased as the carbonate content incressed and for
all sclutione the resigtivity increased as the temperature decreased,
All solutions tested except that with the lowest carbomate contant
(24 g/1) froze above -UOPP, Thiz indicstes that to prevent freezing
of the electrolyte at -4C°F,, the carbonste content must be less thexn

127 &/1 K004,
CONCLUSIONS

Prom the results of the cell performance tests it can be conclud-
ed that tbe maximun allowsble carhomate content of the electrolyte
lies between T2 and 238 g/1 KpC0q. Furthermore, if performance down
to ~4OPF is requirad, then the cafbozate content of the electrolyte
should be below 127 g/l K00, in order to prevent freezing at ~40°F.
It 1ig therefcre recommended t the maximum allowable carbonate
content for the electrolyte in sintered plate Ni«Cd cells be set at

100 g/1 K005,
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